A retrospective study was conducted on all patients injured in a motorcycle accident who were admitted to the authors' institution during a oneyear period. The 71 patients evaluated averaged 26 years of age; 79% were men, 75% were not wearing a helmet, and 24% were legally intoxicated. Sixty-six percent required surgical intervention and 36% a second procedure. There were 167 fractures, with an average of 2.4 per patient.
A retrospective study was conducted on all patients injured in a motorcycle accident who were admitted to the authors' institution during a oneyear period. The 71 patients evaluated averaged 26 years of age; 79% were men, 75% were not wearing a helmet, and 24% were legally intoxicated. Sixty-six percent required surgical intervention and 36% a second procedure. There were 167 fractures, with an average of 2.4 per patient. The 27 patients requiring a blood transfusion averaged 10.5 units per patient. Motorcyclists not wearing a helmet had an increased risk of head injury (p < .01). Those with head injuries had an increased need for intensive care (p < -0001) and a ventilator (p < .001). Patients with head injuries more commonly sustained fractures about the shoulder (p < .015) than fractures to the lower extremity (p < .005). The average hospital stay was 13 days, with a cost of $16,408 per patient. The cost was significantly higher in patients with a head injury ($21,945) than in patients without a head injury ($1 1,941). Patients sustaining a head injury were less likely to return to baseline functioning (p < .001).
Motorcycle-induced trauma has increased in the past two decades as travel by motorcycle has become more popular. Many authors have reported on the impact of motorcycle helmet nonuse4-6,8-10,12-14,16 and the related effects of ethanol intoxicati~n~-~.~.' ' 7 ' ' in such accidents. This study was done to identify not only the magnitude and patterns of injury sustained by all motorcycle accident victims who were admitted but also the use of health care services and associated costs.
MATERIALS AND METHODS
Data for the study were obtained from a complete review of the paramedic report, the emergency department report, and inpatient records for all motorcycle accident victims admitted to the authors' institution over a one-year period, July 1, 1984 to June 30, 1985. The medical charts of the 71 accident victims were reviewed for the following factors: age, sex, helmet usage, passenger or driver, ethanol level, need for intensive care with or without a ventilator, presence of head injury, pattern and incidence of fractures, number of blood transfusions, type and number of operative procedures, total days hospitalized, cost of hospitalization, and number of weeks required to return to preinjury baseline function, if not permanently impaired. For return to baseline function, patients were evaluated as to their ability to return to any type of employment or vocational activities engaged in before their injury. Because several of the accident victims had been enrolled as students, the number of weeks required to return to classroom activities was also determined. A statistical analysis was performed, using chisquare test or Student's t-test, as appropriate. During this one-year period, one patient died in the emergency department and was not included in the study.
RESULTS
Of the 7 1 patients admitted following motorcycle accidents, 56 (79%) were men and 15 (21%) were women. Their ages ranged from 14 to 63 years (mean, 26 years) (93% were younger than 35 years of age). Fifty-five patients (78%) were driving and 16 (22%) were passengers. Eighteen patients (25%) were wearing a helmet at the time of the accident. Twenty-three patients (32%) had a measurable ethanol level, and 17 (24%) of these were identified as legally intoxicated. Twenty-eight patients (39%) sustained a closed-head injury and two patients an open-head injury. Fifty-two percent of the patients required admission to the intensive care unit, where they remained for one to 43 days (mean, 3.3 days). Thirty percent required the use of a ventilator for one to 35 days (mean, 6 days). There were a total of 167 identified fractures, with a mean of 2.4 fractures per patient. The incidence and pattern of fractures is illustrated in Figure 1 . Sixty-six percent of all patients required some type of surgical intervention, and 36% required a second procedure. The types of operations performed included fracture fixation (54%), craniotomy (lo%), laparotomy (7%), and thoracotomy (4%). Twenty-eight patients had a diagnostic peritoneal lavage performed. Five patients had a positive lavage and therefore had exploratory laparotomy. Twenty-seven patients required a blood transfusion, with a total of 285 units of packed red blood cells administered, for an average 10.5 units per patient transfused.
Motorcyclists not wearing a helmet were found to have an increased risk of sustaining a head injury (p < .Ol). Only three patients wearing a helmet sustained a head injury, and they were minor ( Table 1) . Those motorcyclists without a helmet were more likely to require intensive care treatment (p <..0001) and were at higher risk for need of a ventilator (p < .001).
Patients with a head injury were more likely to have sustained a fracture near the shoulder (e.g., clavicle, scapula, humerus) than were those without head injury (p < .01). Patients with a head injury were also at a lower risk for a tibia-fibula fracture (p < .005) ( Table 2 ) and were less likely to require fracture fixation (p < .OOO 1). Only one of 17 patients with a tibia-fibula fracture presented with a concomitant head injury. No significant correlation was found between patients who were legally intoxicated and the presence of head injury, the pattern of fracture sustained, or the need for intensive care or use of a ventilator. Sixteen of the 17 legally intoxicated motorcyclists were not wearing a helmet (0.06%), and only two of 23 patients (0.09%) with a detectable ethanol level were wearing helmets at the time of in-The 7 1 patients who were hospitalized required an average hospital stay of 13 days (range, 1-84 days). The medical cost for each patient included charges for hospitalization and physician services. The average cost of hospitalization was $16,408 per patient (range, $1,058-$179,160), for an overall total of $1,148,572 during the one-year period. Injured motorcyclists wearing a helmet incurred medical expenses averaging $13,368 versus $17,120 for those not wearing a helmet. Patients sustaining a head injury had significantly higher medical expenses ($2 1,945) than did patients without a head injury ($1 1,94 1) .
Twelve of the 7 1 patients did not return to baseline functioning due to the severity of their injuries, which included one death, one quadriplegia, one paraplegia, and nine cases of severe mental impairment due to head injury. The patients who returned to a preinjury functional status required a recovery period from one to 64 weeks (average, 23 weeks). Patients sustaining a head injury were less likely to return to baseline functioning (p < .001) than patients not suffering a significant head injury. Of the 12 patients who became permanently impaired, none had been wearing a helmet at the time of the accident and ten had sustained a severe head injury. Patients with head injuries who were able to return to their preinjury baseline jury.
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functioning status were able to do so more quickly (ten weeks) than were those patients not suffering a head injury (average, 23 weeks). The explanation for this observation appeared to relate to the consistent pattern of injury, i.e., those sustaining head injuries were less likely to suffer lower extremity fractures.
DISCUSSION
The increasing number of registered motorcycles in the United States reflects the increasing popularity of this form of transportation. There is little doubt that individuals riding a motorcycle are at higher risk for being involved in an accident, and also being fatally injured in that accident, than their counterparts in automobile^.'.^,' ' Currently, there is a great concern regarding the total expenditure of health care dollars. The high use of medical services and their associated cost by victims of motorcycle accidents is therefore of great concern.
In 1984, the Arizona Department of Transportation reported 1,489,32 1 registered passenger vehicles, 109,828 of which were involved in accidents and in which 192 fatalities to the driver occurred.' Thus, one of every 13.6 passenger vehicles was involved in an accident, with a fatality rate of one of 572 accidents. In the same year, there were 77,654 registered motorcycles and 455 1 motorcycles reported involved in accidents. Of these, one of 17 motorcycles was involved in an accident, with a driver fatality occumng in one of every 43 motorcycle accidents.' Therefore, motorcycle passengers are 13.3 times more likely to die when involved in an accident than are drivers of an automobile.
In the report from the Hennepin County Medical Center in Minnesota, Gustilo et d7 reported similar statistics in several areas. All multiple-trauma victims had an average of 2.5 fractures per patient, with a 20% intoxication rate among the motorcycle drivers. The majority of the injured victims were young men. The use of helmets by motorcyclists since repeal of the helmet laws during the 1970s has been discussed by many authors in the recent literature. It has been shown repeatedly that helmets significantly decrease head injury, death, and d i~a b i l i t y .~,~, '~, '~ The accident rate is higher when helmets are not worn,g and logically the cost of medical care for a nonhelmeted victim is considerably higher than that of a helmeted motorcyclist. This study illustrates the increased likelihood of head injury when a helmet is not worn. It is concluded that nonhelmeted riders are more likely to require intensive care treatment and use of a ventilator and will acquire a hospital bill 84% higher if a head injury is sustained.
In this study, patients with head injuries were more often intoxicated and exhibited a higher association of fractures about the shoulder (p < .O 1). They were also less likely to require some type of fracture fixation (p < .001). When a head injury was sustained, they were less likely to incur a tibia-fibular fracture (p < .0005). This suggests that the injury pattern in motorcycle accidents is such that riders tend either to sustain head and upper torso injuries or to direct injuries to the long bones of the lower extremity.
The direct costs in health care dollars ($16,408 per patient) is substantial for treating motorcycle accident victims who require hospitalization. This dollar value does not take into consideration the many patients who require readmission for further treatment. Patients treated initially in the hospital and then transferred to a rehabilitation unit acquire even larger medical expenses, not included in this report. In 1982, treatment for a spinal cord injury at the Phoenix Regional Spinal Cord Injury Center averaged $75,300 for a quadriplegic requiring an average stay of 184 days. l 7
Motorcycle use is increasing and motorcyclists involved in accidents sustain severe injuries, incurring substantial medical bills.
Motorcyclists are also at a greater risk than their counterparts driving automobiles; people are 13.3 times more likely to die while driving a motorcycle when involved in an Clinical Orthopaedics and Related Research accident than are individuals driving an automobile.
This study observed two types of injury patterns: head-injured patients with fractures near the shoulder and patients with lower extremity fractures and no concomitant head injury. Nonhelmeted riders are more likely than helmeted riders to be involved in accidents and to sustain a head injury at the time of the accident. Motorcyclists sustaining head injuries use more health care dollars ($2 1,945 with head injury, $1 1,941 without head injury) and are more likely to be permanently impaired subsequent to their accident than are those without head injuries.
Helmet usage would lower both the direct and indirect costs of motorcycle accidents. The failure of some states to require helmet usage seems inappropriate in view of recent legislation requiring seat belt usage.
